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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

The present invention relates to adsorbents for efficiently adsorbing and removing nitrogen oxides (NOx) from 
gases which contain much moisture and low-concentration, for example, a few ppm NOx such as gases discharged by 
ventilation from highway tunnels. 
10 The invention also relates to inorganic porous solid acid carriers which conprise Mn added to titania. For example, 
these carriers are suitably used for constituting the above-mentioned NOx adsorbents. 

DESCRIPTION OF THE RELATED ART 

15 Known NOx adsorbents are those obtained by supporting oxides of metals such as Ru and Ce on anatase-type tita- 
nia and baking the titania, those obtained by supporting oxides of metals such as Ru and Ce on a carrier such as zeolite 
and silica-alumina and baking the carrier in the same manner, etc. 

The adsorbent comprising titania as a carrier has a defect in thermal resistance, for example, NOx adsorbing per- 
formance falls rapidly by heating at 400 ^^C in air. The NOx adsorbing performance falls, although slowly, even by heat- 

20 ing at 300 **C, which leads to problems in practice, considering that heating at around 250 ''C is necessary to regenerate 
the adsorbent. 

On the other hand, the adsorbent comprising A!-Si system compound oxides such as silica-alumina and zeolite as 
a carrier has sufficient thermal resistance, and the drop in NOx adsorbing performance is not observed even by heating 
at about 400 *'C. However, this adsorbent is not good in acid resistance, and the adsoiting performance falls by repeat- 
25 ing adsorption and desorption of NOx. 

Since high silica zeolite which is considered to be satisfactory in acid resistance has a very small pore diameter of 
less than 5 angstrom, the zeolite has a problem that pores are blocked In supporting compounds of Ru and/or Ce ther- 
eon by impregnation and that sufficient NOx adsorbing performance can not be obtained. 

In addition, since the limit of NOx adsorbing performance, expressed in the volume of gases per the weight of the 
30 adsorbent, is up to about 2-3 ml/g in the initial performance, it is necessary to regenerate the adsorbent frequently. 

The first object of the invention is to provide an NOx adsorbent which is excellent in thermal resistance and acid 
resistance and can exhibit a high adsorbing performance. 

The second object of the invention is to provide an NOx adsorbent which exhibits high thermal resistance and acid 
resistance and does not exhibit an impaired adsorbing performance by repeating adsorption and desorption of NOx. 
35 Silica-alumina, which is a compound oxide consisting of the combination of silica being a stable tetravalent oxide, 
and alumina being a trivalent oxide, zeolite, which is a special crystal consisting of the combination of silica and alu- 
mina, etc. are known to exhibit strong solid acidity. These are usually used as inorganic porous solid add carriers by 
granulating powders and also used as catalysts, adsorbents, etc. by adsorbing and supporting trandition metals, noble 
metals, etc. on acid sites. 

40 Aluminium oxide in these carriers is relatively apt to be eroded by acids or alkalis, the crystal structures of the car- 
riers often change, and the acid sites often disappear while the carriers are used, so that the carriers exhibit impaired 
catalytic performance, etc. In particular, the Impaired performance leads to problems when these carriers are used in a 
liquid phase system which has pH of lower than 4 or higher than 1 0 or in a gaseous phase system which contains acidic 
gases such as SOx, NOx and Ci2. 

45 Still another object of the invention is to provide a titania carrier which can retain an excellent catalytic performance 
without permitting the change in crystal structure of the earner and the loss of the acid sites when the can-ier is used. 

SUMMARY OF THE INVENTION 

50 The first aspect of the invention is to provide an NOx adsorbent conprising adsorbing components supported on a 
titania cannier wherein the carrier is a Mn-Ti system surface-reformed titania cannier obtained by adding a Mn compound 
to amorphous titania and baking the titania and the adsorbing components are oxides of Ru and/or Ce. (Such NOx 
adsorbent is hereinafter referred to as the "first NOx adsorbent".) 

The second aspect of the invention is to provide an NOx adsori^ent comprising adsorbing components supported 

55 on the titania carrier wherein the carrier is the Mn-Ti system surface-reformed titania cannier obtained by adding a Mn 
compound to amorphous titania and baking the titania and the adsori3ing components are oxides of Ru and Ce, and an 
oxide of at least one metal among Ag, Cu and Mn. (Such NOx adsorisent is hereinafter referred to as the "second NOx 
adsorbent".) 
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The third aspect of the invention is to provide a Mn^added titania canrier obtained by adding a Mn salt to amorphous 
titania and baking the titania. The titania carrier is produced, for example, by impregnating a substance obtained by 
evaporating a titania colloidal solution to dryness with a manganese salt solution and baking the substance. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing ralations between the number of repeating adsorption and desorption of NOx and the 
denitration rate. 

Figure 2 is a graph showing ralations between the cerium concentration in the immersion bath and the saturated 
10 amount of NOx adsorbed. 

Figure 3 is a graph showing ralations between the elution time and the Mn elution rate. 
Figure 4 is a graph showing ralations between the number of repeating temperature rise and temperature drop and 
the residual rate of acid. 

IS DETAILED DESCRIPTION OF THE INVENTION 

In the first NOx adsorbent of the invention wherein the carrier is the IVIn-Ti system surface-reformed titania carrier 
obtained by adding the Mn compound to amorphous titania and baking the titania and the adsorbing components are 
oxides of Ru and/or Ce. amorphous titania can be a ptate obtained, for example, by impregnating an incombustible 
20 fibrous preform with a titania colloidal solution and drying the preform. The amount of amorphous titania retained in this 
plate is preferably 60-95% by weight, more preferably 75-85% by weight. 

In the first NOx adsorbent, the Mn content is preferably 0.01-3.0 mmol/g T1O2, more preferably 0.5-2.5 mmol/g 
TiOg. most preferably 0.6-2.0 mmol/g Ti02, the Ru content is preferably more than 0.05 mmol/g Ti02, more preferably 
0.05-2.0 mmol/g TiOa, most preferably 0.1-0.2 mmol/g T1O2. and the Ce content is preferably more than 1 .0 mmol/g 
25 Ti02, more preferably 1 .0-10 mmol/g TIO2. most preferably 1.5-2.5 mmol/g Ti02. The specific surface area of the carrier 
is preferably 40-200 vrPfg, more preferably 70-140 m^/g. and the specific surface area of the NOx adsorbent is prefer- 
ably 40-200 m^/g, more preferably 70-140 m^/g. 

/Vmorphous titania constituting the carrier is obtained, for exanple, by drying a titania colloidal solution obtained by 
the nitrate hydrolysis method. 

30 In the first NOx adsorbent, the canrier may be a metal-Ti system surface-reformed titania carrier obtained by adding 
the Mn compound and/or the second compound of at least one metal selected from the group consisting of Cu, Fe. Ni 
and Sn to amorphous titania and baking the titania. 

The first NOx adsorbent is preferably prepared, for example, by impregnating amorphous titania with a solution of 
a manganese compound, baking the titania, and supporting the oxides of Ru and/or Ce on the obtained Mn-Ti system 

35 surface-reformed titania carrier. Amorphous titania used in this process can be also a plate obtained by impregnating 
the incombustible fibrous preform with the titania colloidal solution and drying the preform. 

To impregnate amorphous titania with the solution of the manganese compound in the above-mentioned process, 
amorphous titania is immersed in a Mn solution containing preferably 0.2-5.0 mol/l, more preferably 0.5-1.5 mol/l of a 
manganese compound such as chloride, nitrate, salt of organic acid and alkali manganate, then the titania is baked 

40 preferably at 250-600 ""C. more preferably at 350-600 *'C, most preferably at 380-450 ^'C. 

To support the oxides of Ru and/or Ce on the above-mentioned carrier, amorphous titania is immersed in a Ru solu- 
tion containing preferably 0.05-0.2 mol/l, more preferably 0.1-0.15 mol/l of a ruthenium compound such as chloride, 
nitrate, carbonyl compound and organic alcoholate, the titania is baked preferably at 250-380 °C, more preferably at 
300-350 'C, and/or the amorphous titania is immersed in a Ce solution containing preferably 1 .5 mol/l-saturated con- 

45 centration, more preferably 2.5-2.8 mol/l of a cerium compound such as chloride and nitrate, then the titania is baked 
preferably at 250-380 ""C. more preferably at 300-350 ^'C. Ruthenium and cerium may be supported in turn using an 
immersion bath containing the ruthenium compound and an immersion bath containing the cerium compound and may 
be supported at the same time using one immersion bath containing both the ruthenium compound and the cerium 
compound. 

50 Manganese nitrate, ruthenium chloride and cerium nitrate are preferable as the manganese oonrpound, ruthenium 
compound and cerium compound respectively. 

In the second NOx adsork)ent of the invention wherein the carrier is the Mn-Ti system surface-reformed titania car- 
rier obtained by adding the Mn compound to amorphous titania and baking the titania and the adsorbing components 
are oxides of Ru and Ce, and an oxide of at least one metal among Ag, Cu and Mn. amorphous titania can be a plate 

55 obtained, for example, by impregnating the incombustible fibrous preform with the titania colloidal solution and drying 
the preform. The amount of amorphous titania retained in this plate is 60-95% by weight, preferably 75-85% by weight. 

In the second NOx adsorbent, the Mn content is preferably 0.01-3.0 mmol/g Ti02, more preferably 0.5-2.5 mmol/g 
Ti02, most preferably 0.6-2.0 mmol/g Ti02, the Ru content is preferably more than 0.05 mmol/g Ti02, more preferably 
0.05-2.0 mmol/g TIO2, most preferably 0.1-0.2 mmol/g T1O2. and the Ce content is preferably more than 1.0 mmol/g 
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TIO2. more preferably 1.0-10 mmol/g Ti02, rnost preferably 1.5-2.5 mmo!/g Ti02. The content of at least one metal 
among Ag, Cu and Mn is preferably 0.1-5.0 mmol/g Ti02, more preferably 0.3-2.5 mmol/g Ti02. specific surface 
area of the carrier is preferably 40-200 m^/g, more preferably 70-140 m^/g. and the specific surface area of the NOx 
adsorbent is preferably 40-200 m^/g. more preferably 70-140 m^/g. 

5 In the second NOx adsorbent, the carrier may be a metal-Ti system surface-reformed titania carrier obtained by 
adding the Mn compound and/or the second compound of at least one metal selected from the group consisting of Cu, 
Fe. Ni and Sn to amorphous titania and baking the titania. 

The second NOx adsorbent is preferably prepared, for example, by impregnating amorphous titania with a solution 
of the manganese compound, baking the titania, Impregnating the obtained Mn-Ti system surface-reformed titania car- 

10 rier with the solution of the oxides of Ru and Ce. and the oxide of at least one metal among Ag, Cu and Mn, and baking 
the carrier. Amorphous titania used in this process can be also a plate obtained by inpregnating the incombustible 
fibrous preform with the titania colloidal solution and drying the preform. 

To impregnate amorphous titania with the solution of the manganese compound in the above-mentioned process, 
amorphous titania is immersed in the Mn solution containing preferably 0.2-5.0 mol/l. more preferably 0.5-1.5 mol/l of 

75 the manganese compound such as chloride, nitrate, salt of organic acid and alkali manganate, then the titania is baked 
preferably at 250-600 °C, more preferably at 350-600 ^'C. most preferably at 380-450 ''C. 

To support Ru oxide, Ce oxide and the oxide of at least one metal among Ag, Cu and Mn on the above-mentioned 
carrier, amorphous titania is immersed in the Ru solution containing preferably 0.05-0.2 mol/l, more preferably 0.1-0.15 
mol/l of the ruthenium conpound such as chloride, nitrate, caibonyl compound and organic alcoholate, the titania is 

20 baked preferably at 250-380 "C, more preferably at 300-350 *'C, the amorphous titania is immersed in the Ce solution 
containing preferably 1 .5 mol/l-saturated concentration, more preferably 2.5-2.8 mol/l of the cerium compound such as 
chloride and nitrate, the titania is baked preferably at 250-380 "C, more preferably at 300-350 °C, the amorphous titania 
is immersed in a metal solution containing preferably 0.3-1.5 mol/l, more preferably 0.5-1.5 mol/l of a metal compound 
such as nitrate, salt of organic acid and chloride (only Cu and Mn) of at least one among Ag, Cu and Mn, then the titania 

25 is baked preferably at 250-380 ""C, nrK)re preferably at 300-350 ""C. 

Ruthenium, cerium and at least one metal among Ag, Cu and Mn may be supported in turn using an immersion 
bath containing the ruthenium compound, an immersion bath containing the cerium compound and the immersion bath 
containing at least one metal among Ag, Cu and Mn, and may be supported at the same time using one immersion bath 
containing the ruthenium compound, the cerium compound and the compound of at least one metal among Ag, Cu and 

30 Mn together. 

Manganese nitrate, ruthenium chloride and cerium nitrate are preferable as the manganese compound, ruthenium 
compound and cerium compound respectively, and nitrates are preferable as the compound of at least one metal 
among Ag. Cu and Mn. 

Thermal resistance of the NOx adsorbent comprising the oxides of Ru and/or Ce as adsorbing components can be 
35 improved by: 

i) adsorbing and supporting Ru ion or Ru complex ion on the acid sites of the carrier solid acid, 

ii) baking the carrier at relatively low temperatures, 

iii) covering the residual acid sites with Ce ion or Ce complex ion, and 
AO iv) an^anging the excess Ce around Ru and baking the cannier. 

High acid strength of the carrier solid acid makes thermal resistance higher. 

The Al-Si system compound oxide known as a strong solid acid carrier has high thermal resistance as stated 
above. However, the acid sites disappear, because this oxide is not good in acid resistance and /\l component in the Si 
AS skeleton which is responsible for exhibiting solid acidity repeats formation of nitrate or nitrite and thermal decomposition 
and is separated from the skeleton by repeating adsorption and desorption of NOx when the adsorbent is used. As a 
result, thermal resistance of the adsorbent disappears and the performance of the adsorbent falls remarkably when the 
adsorbent is heated and regenerated. 

It is preferable to use a carrier exhibiting strong solid acidity and high acid resistance in order to prevent this phe- 
so nomenon. 

The first NOx adsorbent was prepared by supporting the oxides of Ru and/or Ce as adsorbing component on the 
surface-reformed titania carrier prepared by adding the Mn salt on amorphous titania and baking the titania. This NOx 
adsorbent exhibits high thermal resistance and does not exhibit an impaired adsorbing performance at all by adsorption 
and desorption of NOx. 

55 Examining the NOx adsorbing performance in more detail, the inventors found that NOx in gaseous phase is first 
adsorbed on Ru oxide, migrates on the solid surface to Ce oxide, and is fixed there. 
The NOx fixation by Ce presumably accompanies the following reactions. 

2NO+2Ce02 Ce(N02)2 • CeO+1/202 (I) 
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2N02+2Ce02 Ce(N03)2 • CeO+1/202 (11) 

The existence of tetravalent Ce oxide is necessary to promote the above-mentioned reactions smoothly. Since CI ion 
cannot be removed corrpietely by baking betow 350 ""C. using cerium chloride as a starting material of Ce. the NOx f ix- 

5 ing capacity Is sometimes low. Baking is performed at higher temperatures to remove CI ion completely However, it is 
feared that the adsorbing performance falls remarkably by thermal change of Ru oxide already supported on the carrier, 
if baking is performed at high temperatures. 

Accordingly, it is preferable to use a nitrate as the starting material of Ce and to convert Ce Into tetravalent Ce oxide 
almost completely by baking below 350 ""C. 

10 In heating the adsorbent to eliminate NOx and to regenerate the adsorbent, it is postulated that reverse reactions 
of the above-mentioned reactions shown in the formulas (I) and (II) proceed. Namely it is thought that Ce fixing NOx is 
divalent Ce oxide and that this oxide is reoxidized to tetravalent Ce oxide when NOx is eliminated. It is preferable to add 
a substance exhibiting strong oxidative catalytic action over 200 ^C to the surface of Ce oxkJe in order to promote this 
reoxidation smoothly 

15 The inventors found that it is effective to add the oxides of Ag, Cu and/or Mn as such substances and completed 
the second NOx adsorbent. 

As starting materials of the oxides of Ag, Cu and/or Mn. nitrates of respective metals are preferable, since the 
nitrates do not change the structure of tetravalent Ce oxide supported already However, supporting the metals at the 
same time by using a mixed solution of Ce nitrate and the nitrates of Ag. Cu and/or Mn. the probability of the existence 
20 of Ce oxide around Ru oxide falls. This phenomenon hinders the migration of NOx on the surface of the adsorbent from 
Ru to Ce, so that the adsorbing performance sometimes falls. Accordingly, it is preferable to add Ag. Cu and/or Mn after 
supporting Ce and baking the carrier. 

The titania carrier according to the third aspect of the invention obtained by adding the Mn salt to amorphous titania 
and baking the titania is prepared by inpregnating a substance obtained by evaporating the titania colloidal solution to 
25 dryness with a solution of a manganese salt and baking the substance. 

The above-mentioned amorphous titania can be a plate solid acid carrier obtained, for example, by impregnating 
the incombustible fibrous preform with the titania colloidal solution and drying the preform. The amount of amorphous 
titania retained in this plate is 60-95% by weight, preferably 75-85% by weight. 

The Mn content is preferably 0.01-3.0 mmol/g Ti02, "^o^e preferably 0.5-2.5 mmol/g T1O2, most preferably 0.6-2.0 
30 mmol/g Ti02. The specific surface area of the carrier Is preferably 40-200 m^/g. more preferably 70-1 40 m^/g. 

The manganese salt added to amorphous titania is pyrolytlcally decomposed to oxide and amorphous titania Is 
crystallized at the same time by baking in the above-mentioned process for preparation. 

Titania colloidal particles are used as a starting material of amorphous titania. According to the preferable mode of 
preparation, the desired carrier is obtained by evaporating the titania colloidal solution to dryness below 200 ''C. preter- 
ms ably below 150 ''C. impregnating the obtained titania with the solution of the Mn salt, and baking the titania. 

Chloride, nitrate, salt of organic acid, alkali manganate. etc. can be generally used as the Mn salt. A preferred man- 
ganese compound is nitrate for the following reasons: 1) a decomposition temperature is low, 2) secondary phenome- 
non such as combustion does not occur during decomposition, 3) an operation of removing alkali metal is unnecessary 
after baking, etc. In using nitrate, the Mn salt can be decomposed by heating in air over 300 ''C. 
40 The crystallization of titania to anatase-type proceeds remarkably over 350 ""C and the transformation to rutile-type 
proceeds remarkably over 600 "C. Accordingly to impregnate amorphous titania with the solution of the manganese 
compound in the above-mentioned process, amorphous titania is immersed in the preferably 0.2-5.0 mol/l, more pref- 
erably 0.5-1 .5 mol/l aqueous solution of nitrate, then the titania is baked preferably at 250-600 ^'C, more preferably at 
350-600 ""C, most preferably at 380-450 ""C. Manganase nitrate is preferable as the manganese compound. 
45 It is understood that the strong solid acidity is exhibited, for example, as a result of heterogeneous electron energy 
density in the solid (crystal) by the compound of tetravalent Si and trivalent Al as oxides. 

According to the invention, a solid acid carrier which exhibits high acid resistance and alkali resistance can be pro- 
vided by using Mn, which has relatively low reactivity with acids and alkalis and can exhibit various oxidation number 
such as 2, 3, 4 and 7, instead of Al, which is responsible for low acid resistance and alkali resistance in the conventional 
so solid acid carriers, and by adopting Ti, whose stable tetravalent oxide similar to that of Si is apt to form a compound 
oxide with Mn. instead of Si. 

Since tetravalent Mn oxide has a characteristic of forming the conpound with Ti oxide and changing the oxidation 
nunrtber easily even after forming the compound, the Mn oxide is a substance which is suitable for forming the solid acid 
carrier. 

55 However, in using titania. the hydrothermal synthesis method which is used for synthesis of zeolite cannot be 
applied to form the compound of tetravalent Mn oxide and Ti oxide, so that it is necessary to bake mixed oxide of Ti and 
Mn or hydroxides of Ti and Mn at high temperatures. Unlike silica, titania changes its crystal form by heating over 600 
''C and loses characteristics such as supecif ic surface area and porosity required for the catalytic carrier. 



5 



EP 0 722 763 A1 



The carrier of the invention is prepared by supporting the Mn salt on porous titania which exhibits no characteristic 
peak of the crystal by X-ray diffraction (XRD), thermally decomposing this salt by baking to form Mn oxide dispersed 
uniformly on the titania surface, crystallizing titania to anatase-type. which has a large specific surface area and high 
porosity, by further baking, and then forming the compound of Ti oxide and Mn oxide making use of the accompanying 
5 transfer of Ti atom. TTie carrier is considered to be a Ti02-Mn02 compound oxide which has a specific surface area of 
larger than SOm^/g. 

Even if only the neighborhood of the surface of titania crystalline partides is compounded, the compound is suffi- 
cient for use of the catalytic carrier, etc. The solid part which is not compounded serves to retain mechanical strength, 
specific surlace area, porosity of the carrier, etc. 

10 

EXAMPLES 

The following examples illustrate the processes for preparation of the NOx adsorbents according to the invention 
and the characteristics of the obtained adsorbents. 

Example 1 

Ceramic paper having a thickness of 0.5 mm was impregnated with a titania colloidal solution (solid content: 32% 
by weight) obtained by the nitrate hydrolysis method and dried at 1 10 *'C to obtain a plate retaining 158 g/m^ of amor- 
20 phous titania. This plate was Immersed in a 1 .0 mol/l aqueous solution of manganese nitrate for 6 minutes and dried at 
1 1 0 ''C. By these operations, 1 . 1 mmol of Mn per 1 g of TiOa was added thereto. This plate was baked under air stream 
at 300 for 1 hour, then at 400 'C for 3 hours to obtain surface-reformed titania. 

This carrier had a specific surface area of 91 m^/g Ti02. 

This plate can-ier was immersed in an aqueous solution of RUCI3 of 1 4 g/l calculated as Ru (pH=0.92) for 6 minutes. 
25 dried at 1 1 0 ""C, and then baked at 230 ''C for 1 hour. 

Then the above-mentioned plate carrier was immersed in an aqueous solution of Ce(N03)3 of 250 g/l calculated as 
Ce for 12 minutes and baked a! 350 ''C for 3 hours. An NOx adsorbent supporting 0.16 mmol of Ru and 2.0 mmol of Ce 
per 1 g of T1O2 was obtained by the above-mentioned operations. This adsorbent had a specific surface area of 77 m^/g 
TiOg. 

30 This adsorbent is hereinafter referred to as "sample A". 
Examples 2-5 

The same procedure as in Example 1 was repeated except that the Mn concentrations in the aqueous solutions of 
35 nf\anganese nitrate were 0.5 mol/l, 1.0 mol/l, 1.5 mol/l and 2.0 mol/l respectively to obtain NOx adsorbents. These 
adsorbents are hereinafter respectively referred to as " sample B", "sample C", "sample D" and "sample E". 

Comparative Exanple 1 

40 The same procedure as in Example 1 was repeated using the amorphous titania-retaining plate prepared in the 
same manner as in Example 1 except that the plate was baked under the same condition as in Example 1 without add- 
ing Mn to obtain an NOx adsorbent. This adsorbent is hereinafter referred to as "sample F". 

Comparative Example 2 

45 

The same ceramic paper as used in Example 1 was immersed in a colloidal solution (solid content: 21% by weight) 
of silica-alumina (AI/Si=3/7) and dried to obtain a plate retaining 1 10 g/m^ of silica-alumina. 

This plate was treated with a 1 mmol/l aqueous solution of ammonium chloride at 9CC for 5 hours to remove an 
alkali, and then baked at 500 **C for 5 hours to obtain a silica-alumina system plate carrier. Ruthenium and cerium were 
50 supported thereon by the same treatment as in Example 1 to obtain a plate NOx adsorbent. This adsorbent is herein- 
after referred to as "sample G". 

Performance Test 

55 The samples A-G prepared by the above-mentioned procedures were checked for composition, specific surface 
area, saturated amount of NOx adsorbed in air (room temperature, relative humidity: 70%) atmosphere containing 100 
ppm of NO, and saturated amounts of NOx adsorbed after baking the samples in air at 400 '^C for additional 12 hours 
or 24 hours. The obtained measurements are shown in Table 1. 
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Table 1 



sample 


component (mmol/gTi02) 


Specific surface area(m^/gTi02) 


saturated amount of adsorption(cc/m^) 




ivin 


Qii 


oe 




initial 


12hr heating 


*i4nr neating 




1.1 


0.16 


2.0 


77 0 


930 


790 


690 


B 


0.6 


0.13 


2.1 


79.2 


880 


550 


485 


C 


1.5 


0.17 


2.0 


75.5 


900 


780 


680 


D 


1.8 


0.15 


1.8 


78.0 


910 


780 


660 


E 


2.0 


0.13 


1.6 


71.1 


850 


650 


620 


F 




0.18 


2.0 


85.8 


550 


120 


30 


G 




0.17 


2.1 


135 


620 


625 


600 



20 Table 1 reveals the following matters. The anx>unts of Ru and Ce supported do not change very much even if the 
amount of Mn added is changed. Since the initial saturated amount of NOx adsorbed is almost determined by the 
amounts of Ru and Ce supported, significant differences in the initial saturated amount of NOx adsorbed are not 
observed among the samples A-E. However, the sample F comprising no Ru added clearly exhibits lower Initial satu- 
rated amount of NOx adsorbed than the other samples. This result reveals that heat deterioration proceeds to some 

25 extent by baking after supporting Ce. 

The sanple F exhibited a very marked variation in performance by heating at 400 ''C. The differences among the 
samples A-E can be regarded as differences in amount of acid of strong solid acid exhibited in accordance with the dif- 
ferences in amount of Mn added. Namely, it Is interpreted that the NOx adsorbing performance after heating is almost 
determined by the amount of Ru adsorbed at strong acid sites. It is thought that the amount of acid is insufficient for the 

30 amount of Ru supported in the sample B since the sample B oonprises a little Mn added. It is thought that most of sup- 
ported Ru is adsorbed at acid sites in the samples A, C, D and E. 

The sample E comprises excess Mn added and exhibits a decreased specific surface area, a small amount of Ru 
and Ce supported, and low performance on the whole. 

The sample G exhibits very high thermal resistance, but it exhibits a low initial performance, since the amount of 

35 cannier retained on the paper is less than that of the Mn-added carrier. 

Repeat Test of Adsorption and Desorption of NOx 

The samples A, F and G were checked by the repeat test of adsorption and desorption of NOx by the following pro- 
40 cedure. These results are shown in Figure 1 . 

The plate adsorbent was packed in an adsorption tube (30 x 30 mm square), room-temperature air (relative humid- 
ity: 70%) containing 4.5 ppm of NO was passed through the tube, checking the relations between the time from the 
beginning of the passage of air and the outlet NOx concentration. The air stream was replaced with clean air (relative 
humidity: 70%) after 21 hours, the adsorption tube was heated at the same time, and maintained at 260 °C for 1 hour 
45 to regenerate the adsorbent. These operations were repeated, observing the variations in NOx adsorbing performance. 
Hereupon, 

(flow rate of air)/(geometric area of adsorbent)=6 Nm ^/m ^ 
(denitration rate)=1 -(outlet NOx concentration)/(inlet NOx concentration) 

The denitration rate was determined by the above-mentioned equation. These results are shown in Figure 1 . 
As apparent from Figure 1 , the sample A hardly exhibited a impaired performance by repeating adsorption and des- 
orption of NOx, but the samples F and G exhibited markedly impaired performance in beginning the repetition then 
55 gradually impaired performance. In particular, the sanrple Q having high thermal resistance exhibited a markedly 
impaired performance. 
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Example 6 

a) Ceramic paper having a thickness of 0.5 mm was impregnated with a titania colloidal solution (solid content: 32% 
by weight) obtained by the nitrate hydrolysis method and dried at 110 to obtain a plate retaining 165 g/m^ of 

5 amorphous titania. This plate was Immersed in a 1 .0 mol/l aqueous solution of manganese nitrate for 6 minutes and 
dried at 110 ^C. By these operations, 1.1 mmol of Mn per 1 g of Ti02 was added thereto. This plate was baked 
under air stream at 300 ''C for 1 hour, then at 400 "C for 3 hours to obtain surface-reformed titania. 
This carrier had a specific surface area of 95 m^/g Ti02. 

This plate earner was immersed in an aqueous solution of RuCIs of 14 g/1 calculated as Ru (pHsO.92) for 6 min- 
10 utes, dried at 1 10 ''C, and then baked at 230 '^C for 1 hour. 

The above-mentioned plate carrier was immersed in an aqueous solution of Ce(N03)3 of 250 g/l calculated as 
Ce for 12 minutes and baked at 350 "C for 3 hours. An NOx adsorbent supporting 0.16 mmol of Ru and 2.0 mmol 
of Ce per 1 g of Ti02 was obtained by the above-mentioned operations. This adsorbent had a specific surtece area 
of 77 m^/g TiOg. 

75 This adsorbent is hereinafter referred to as "sample H". 

b) Then four pieces of sample H were immersed in 0.5 mol/1, 1 .0 mol/l, 1 .5 mol/l and 2.0 mol/l aqueous solutions of 
copper nitrate for 12 minutes respectively, dried, and then baked at 350 ''C for 1 hour to obtain NOx adsorbents. 
These adsorbents are hereinafter respectively referred to as "sample 1", "sample J", "sample K" and "sanpie L". 

20 Comparative Example 3 

The same procedure as in the process a) of Example 6 was repeated using cerium chloride instead of cerium 
nitrate to obtain an NOx adsorbent supporting 0.13 mmol of Ru and 2.0 mmol of Ce per 1 g of Ti02. This adsorbent is 
hereinafter referred to as "sample M'*. 

25 

Comparative Example 4 

The sample F obtained in Comparative Example 3 was immersed in a 0.5 mol/l aqueous solution of copper nitrate 
for 12 minutes, dried, and then baked at 350 ''C for 1 hour to obtain an NOx adsorbent. This adsorbent is hereinafter 
30 refen'ed to as "sample N". 

Example 7 

The sample H obtained In Example 6 was immersed in a 0.5 mol/l aqueous solution of silver nitrate for 12 minutes. 
35 dried, and then baked at 350 ^C for 1 hour to obtain an NOx adsorbent. This adsorbent is hereinafter referred to as 
"sample 0". 

Example 8 

40 The sanple H obtained in Example 6 was immersed in a 0.5 md/l aqueous solution of manganese nitrate for 12 
minutes, dried, and then baked at 350 ''C for 1 hour to obtain an NOx adsorbent. TTiis adsorbent is hereinafter referred 
to as "sample P". 

Comparative Example 5 

45 

The sample H obtained in Example 6 was immersed in a mixed aqueous solution of 250 g/l of Ce(No3)3 and 0.5 
mol/l of copper nitrate for 12 minutes, dried, and then baked at 350 ''C for 1 hour to obtain an NOx adsorbent. This 
adsofbent is hereinafter referred to as "saniple Q". 

so Performance Test 

The samples H-Q prepared by the above-mentioned procedures were checked for composition, specific surface 
area, saturated amount of NOx adsorbed in air (room temperature, relative humidity: 70%) atmosphere containing 100 
ppm of NO, and saturated amount of NOx adsorbed after baking the samples in air at 400 ^C for additional 12 hours or 
55 24 hours. The obtained measurements are shown in Table 2. 
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Table 2 



sample 


component (mmol/gTi02) 


specific surface area(m^/gTi02) 


saturated amount of adsorption(cc/m^) 




Mn 


Ru 


Ce 


Me 




initial 


12hr heating 


24hr heating 


H 


1,1 


0.16 


2.0 




77.0 


930 


790 


690 


1 


1.1 


0.15 


2.1 


0.52 


75.1 


950 


800 


720 


J 


i O 
1 


0.1 A 




1 HQ 

1 .Uo 


73.5 


940 


OlO 


7d0 


K 
r\ 


1.0 


0.15 


1.8 


1.45 


f u.o 


970 


820 


760 


L 


1.2 


0.13 


1.9 


1.99 


71.1 


955 


815 


750 


M 


1.1 


0.13 


2.0 




75.8 


275 


120 


65 


N 


1.0 


0.17 


2.1 


0.48 


78.8 


295 


245 


185 


0 


1.0 


0.15 


1.9 


0.65 


75.9 


950 


800 


745 


P 


1.2 


0.13 


2.0 


0.45 


70.2 


985 


830 


765 


Q 


1.1 


0.16 


1.8 


0.48 


75.9 


260 


100 


55 



"Me" represents Cu for the samples l-L, N and Q, Ag for the sample O, and Mn for the sample R 
25 Table 2 reveals the following matters. When nitrate is used as a starting material of Ce, adsorbing capacity 
increases more than threefold. In addition, the drop of adsorbing capacity by heating is depressed by adding Ag, Cu 

and/or Mn. 

The sample Q exhibits a low adsorbing performance in spite of using cerium nitrate. It is interpreted that the prob- 
ability of contact of Ru and Ce fell since mixed support of Ce ion and Cu ion was performed. 

Example 9 

The NOx adsorbents were obtained by the procedure under the same condition as in the preparation of sample J 
of Example 6 except that the concentration of cerium nitrate was changed, and checked for saturated amount of NOx 
35 adsorbed. These results are shown in Figure 2. 

As apparent from Figure 2, the amount of NOx adsoited increases as the Ce concentration increases when the 
concentration of cerium nitrate is lower than about 1 .3 mol/l. However, the amount of NOx adsorbed is almost constant 
when the concentration of cerium nitrate is about 1 .3 mol/l to 3 mol/l which is almost saturated concentration at room 
temperature. 

40 

Exanple 10 

The titania colloidal solution obtained by the nitrate hydrolysis process was evaporated to dryness to obtain pow- 
dered amorphous titania. One hundred grams of this powdered titania was infroduced into 250 ml of 0.5 mol/l aqueous 
45 solution of manganese nitrate, stinted for 1 hour, filtered off, and washed once witii pure water. 

This washed product was dried at 110 "C, and baked under air stream with a ventilating furnace at 300 ^'C for 1 
hour, then at 430 *'C for 3 hours. The obtained product is hereinafter referred to as "sample R". 

Examples 11-13 

50 

The same procedure as in Example 10 was repeated except that the Mn concentrations in the aqueous solutions 
of manganese nitrate were 0.2 mol/l, 1 .0 mol/l and 2.0 mol/l respectively The obtained products are hereinafter respec- 
tively refen-ed to as "sample S**, "sample T" and " sample U". 

55 Comparative Example 6 

A product was obtained in the same manner as in Example 1 0 except tiiat Mn was not added to titania. This product 
is hereinafter refen^ed to as "sample V". 



9 



EP 0 722 763 A1 



Comparative Example 7 

The powder obtained by evaporating the titania colloidal solution to dryness was baked at 430 ""C for 3 hours. Man- 
ganese was added to this powder under the same condition as in Example 1 0. and the powder was baked. This product 
5 Is hereinafter referred to as "sample W". 

Example 14 

Ceramic paper having a thickness of 0.25 mm was immersed in a titania colloidal solution containing 31% of solid, 
10 dripped for 1 5 minutes, and then dried at 1 1 0 "C to obtain a plate retaining 1 90 g/hfi^ (basis weight) of titania. This plate 
was immersed in a 0.5 mol/l aqueous solution of manganese nitrate for 1 hour under the condition of 6 liter/m^. 
immersed once in pure water, washed once with pure water, dried, and then baked under air stream at 300 **C for 1 
hour, then at 430 ''C for 3 hours. The obtained plate is hereinafter refen'ed to as " sample X". 

'5 Performance Test 

The samples R-X were checked for specific surface area, amount of solid acid and solid acid strength. The samples 
R and W were also checked by the Mn elution test with a 0.1 mol/l aqueous solution of HCI. The sample X was also 
checked for decrease in amount of acid by repeating temperature rise and temperature drop in air (relative humidity: 
20 70%) containing 1000 ppm of NO at room temperature-300 ^C. 

The measurements of Mn content, specific surface area, acid strength and amount of acid are shown in Table 3. 



Table 3 



25 


sample 


Mn content mmol/g 


specific surface area m^/g 


maximum acid 
strength Hq 


amount of acid mmol/g 




R 


0.05 


105 


■5.6 


0.04 


30 


S 


0.02 


115 


-5.6 


0.02 


T 


0.11 


93 


-5.6 


0.095 




U 


0.19 


90 


-5.6 


0.14 




V 




120 


+1.5 


0.01> 


35 


w 


0.04 


95 


+1.5 


0.015 




X 


0.035 


83 


-5.6 


0.03 




Mn content: chemical analysis of samples specific surface area: N2 adsorption method acid strength: 
infrared absorption method amount of acid: n-butyiamine titration method 



40 



As apparent from Table 3. the carriers of the invention exhibit strong acid sites having the amounts of acid accord- 
ing to the amounts of Mn added and retain large specific surface areas, since they are baked at relatively low temper- 
as ature. 

Elution Test 

The samples R and W were checked by the Mn elution test by the following procedure. 
50 Thirty grams of powdered sample was introduced Into 100 ml of 0.1 N aqueous solution of HCI and stirred. A small 
amount of slurry was sampled within the prescribed time, filtered quickly, and the Mn concentration (C mmol/l) In the 
filtrate was measured. Figure 3 shows the results of the Mn elution characteristic test. 

Hereupon, 

55 (amount of Mn eluted)=C x 0.1 mmol, (Mn elution rate)«(amount of Mn eluted)/(inltial Mn content). 

As apparent from Figure 3, in supporting Mn on amorphous titania, a Ti-Mn compound oxide is formed and Mn is 
not easily eluted. On the contrary, in supporting Mn on crystallized titania. forming compound does not proceed by bak- 
ing at relatively low temperature, so that Mn is apt to be eluted. 
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Measurement of Amount of Acid 

The sample X was checked for decrease in amount of acid by repeating temperature rise and temperature drop by 
the fbllowing procedure. 

5 The sample X was exposed to air stream containing about 1.000 ppm of NO2. temperature rise and temperature 
drop of room temperature-300 (respectively 2 hours) were repeated, and the variation in amount of solid acid by the 
action of acidic gas. This result is shown in Figure 4. In Figure 4. (acid residual rate)=(amount of acid)/(initial amount of 
acid). 

As apparent from Figure 4. silica-alumina initially exhibits a high amount of acid, but exhibits a markedly impaired 
10 amount of acid by the action of acidic gas. On the contrary, the carrier of the invention hardly exhibits an impaired 
amount of acid under the experimental condition. 

Claims 

15 1 . An NOx adsorbent comprising adsorbing components supported on a titania carrier wherein said can'ier is a Mn-Ti 
system surface-reformed titania carrier obtained by adding a Mn compound to amorphous titania and baking the 
titania, and said adsorbing components are oxides of Ru and/or Ce. 

2. An NOx adsorbent comprising adsorbing components supported on a titania carrier wherein said carrier is a Mn-Ti 
20 system sur^ce-refbrmed titania carrier obtained by adding a Mn compound to amorphous titania and baking the 

titania, and said adsorbing components are oxides of Ru and Ce, and an oxide of at least one metal among Ag. Cu 
and Mn. 

3. An NOx adsorbent as defined in claim 1 or 2 wherein the amorphous titania is a plate obtained by impregnating an 
25 incombustible fibrous preform with a titania colloidal solution and drying the preform. 

4. An NOx adsorbent as defined in claim 1 or 2 wherein the Mn content is 0.01-3.0 mmol/g Ti02. preferably 0.6-2.0 
mmol/g Ti02. 

30 5. An NOx adsorbent as defined in daim 1 or 2 wherein the Ru content is 0.05-2.0 mmol/g TiOg. preferably 0.1-0.2 
mmol/g Ti02. 

6.. An NOx adsorbent as defined in claim 1 wherein the Ce content is 1.0-10 mmol/g Ti02, preferably 1 .5-2.5 mmol/g 
TiOg. 

35 

7. An NOx adsorbent as defined In claim 1 or 2 wherein the specific surface area of the carrier is 40-200 m^/g T1O2. 
preferably 70-140 m2/Ti02. 

8. An NOx adsorbent as defined in claim 1 or 2 wherein said carrier is a metal-Ti system surface-reformed titania car- 
40 rier obtained by adding the Mn compound and the second compound of at least one metal selected from the group 

consisting of Cu, Fe, Ni and Sn to amorphous titania and baking the titania. 

9. An NOx adsorbent as defined in claim 1 which is obtained by impregnating amorphous titania with a solution of a 
manganese comopund, baking the titania. and supporting tiie oxides of Ru and/or Ce on the obtained Mn-Ti sys- 

45 tem surface-reformed titania easier. 

1 0. An NOx adsorbent as defined in claim 2 which is obtained by impregnating amorphous titania with a solution of tiie 
manganese compound, baking the titania, impregnating tiie obtained Mn-Ti system surface-reformed titania carrier 
with the solution of tiie oxides of Ru and Ce, and the oxide of at least one metal among Ag. Cu and Mn, and baking 

50 the carrier. 

1 1 . An NOx adsorbent as defined in claim 2 wherein the content of at least one metal among Ag, Cu and Mn is 0. 1 -5.0 
mmol/g Ti02. preferably 0.3-2.5 mmol/g Ti02. 

55 1 2. A Mn-added titania cannier obtained by adding a Mn compound to amorphous titania and baking tiie titania. 

1 3. A Mn-added titania carrier as defined in claim 1 2 wherein the amorphous titania is a plate obtained by impregnating 
an incombustible fibrous preform with a titania colloidal solution and drying tiie preform. 
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14. A Mn-added titania carrier as defined in claim 12 wherein the Mn content is 0.01 -3.0 mmol/g TiOg. preferably 0.6- 
2.0 mmoI/g Ti02. 

15. A Mn-added titania carrier as defined in claim 12 wherein the specific surface area of the carrier is 40-200 m^/g 
5 TiOg, preferably 70-1 40 m^/g Ti02. 

1 6. A Mn-added titania carrier as defined in claim 1 2 which is produced by impregnating a substance obtained by evap- 
orating a titania colloidal solution to dryness with a manganese salt solution and baking the substance. 

10 
15 
20 
25 
30 
35 
40 
45 
50 
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Fig. 1 
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Fig. 2 
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Fig, A 
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